Dimeric anilidolithium (ArHNLi·Et 2 O) 2 (Ar = 2,6-i Pr 2 C 6 H 3 ) reacted with zirconium tetrachloride in THF to give the heterometallic zirconium-lithium complex [(Et 2 O) 2 Li(μ-Cl) 2 (ArHN)(ArN=)Zr(μ-Cl)] 2 (C1) and with titanium tetrachloride in toluene to give the titanium complex [(ArN=)TiCl 2 ·(Et 2 O) 2 ] (C2) each in good isolated yields. Their molecular structures in the solid state were confirmed by X-ray diffraction analysis. Upon activation with methylaluminoxane, both arylimido zirconium and titanium complexes exhibited good catalytic activities toward ethylene polymerization.
Introduction
Group 4 imido complexes have attracted wide attention due to their applications in developing both stoichiometric and catalytic transformations [1] [2] [3] [4] [5] [6] . Especially for the d-block metals, the imido ligands have found practical application as precursors for metal nitride materials [6] [7] [8] [9] [10] [11] . More importantly, imidometal complexes have been recognized as efficient precatalysts in olefin polymerization [12] , such as, for example, imidochromium chloride (RN=) 2 CrCl 2 (R = t Bu or 2,6-C 6 H 3 i Pr 2 ) [12] and arylimidovanadium complexes (ArN=)VCl 2 (OAr′) [13] . Moreover, cationic "(RN=)Ti" species have been extensively investigated [14] [15] [16] . Examples with the general formula (RN=)TiCl 2 (donors) showed good catalytic activities [17] as well as unique coordination patterns [18] . The imidozirconium complex (TbtN=)Zr{C(Me)CHC(Me) N(Mes)}(μ-Cl) 2 Li(tmeda) [19] and the bis(amido)zirconium complex [(Me 3 SiArN) 2 ZrCl 2 ] [20] were synthesized and used as precatalysts for olefin polymerization. Recently, zirconium complexes bearing anilido [21] , azaallyl [22] and diketiminate [23] ligands were explored and shown to polymerize ethylene into linear polyethylenes. Dimeric anilidolithium (ArHNLi·Et 2 O) 2 , quantitatively prepared by the reaction of 2,6-diisopropylaniline with n BuLi, curiously remained unknown as reactant for zirconium or titanium tetrachloride. The stoichiometric reactions produced the heterometallic arylimido zirconium-lithium complex (C1) and the arylimido titanium dichloride complex (C2). Herein the synthesis and characterization of these arylimido zirconium and titanium complexes are reported along with their catalytic performance toward ethylene polymerization.
Experimental section

General procedure
All air-or moisture-sensitive manipulations were conducted under an atmosphere of argon using standard Schlenk techniques. The solvent CDCl 3 was dried over activated molecular sieves (4 Å) and transferred under vacuum. Tetrahydrofuran (THF), diethyl ether (Et 2 O) and toluene were dried and distilled from sodium/benzophenone and stored under nitrogen prior to use. Glassware was oven-dried at 120°C before use. The NMR spectra were recorded on a Bruker DKX-300 spectrometer in CDCl 3 solution with tetramethylsilane (TMS) as the internal standard. Elemental analyses were performed with a Flash EA 1112 microanalyzer. Methylaluminoxane (MAO, 1.46 m in toluene) was purchased from Albemarle Corp. The gel permeation chromatography (GPC) curves were obtained by plotting detector response versus elution volume using polystyrene standards (with an approximate polydispersity index). Further fractionalization of the products was not performed. Melting points of polyolefins were measured on a Perkin-Elmer DSC-7 differential scanning calorimetry (DSC) analyzer. 
Syntheses
[(ArN=)TiCl 2 ·(Et 2 O) 2 ] (C2)
A solution of TiCl 4 (0.22 mL, 2 mmol) in toluene (20 mL) was added dropwise to a stirred solution of (ArHNLi·Et 2 O) 2 (0.51 g, 2 mmol) in 20 mL THF at −78°C. The product obtained following the same manipulation, as far as was dissolved in toluene-ether and crystallized to give red crystals of compound C2 (0.86 g, 65%). -Anal. for C 20 
X-ray crystal structure determinations
Intensity data of C1 and C2 were obtained with MoK α radiation (λ = 0.71073 Å) on a Bruker Smart Apex CCD diffractometer at T = 223(2) K for C1 and at T = 200(2) K for C2. Crystals were coated in oil and then directly mounted on the diffractometer under a stream of cold nitrogen gas. Cell parameters were obtained by global refinement of the positions of all collected reflections. Intensities were corrected for Lorentz and polarization effects and empirically for absorption [24] . The structures were solved by Direct Methods and refined by full-matrix least squares on F 2 . All hydrogen atoms were placed in calculated positions. Structure solution and refinement were performed by using Shelxs-97 and Shelxtl [25] [26] [27] . The remaining non-hydrogen atoms were then obtained from the successive difference Fourier map. The atoms O1, C25 and C26 C1 were found to be slightly disordered; the DFIX command was used to restraint the C25-C26 bond length, whereas DELU and SIMU were used to restraint the atomic temperature factors of atoms O1, C25 and C26. All non-H atoms were refined with anisotropic displacement parameters, whereas the H atoms were constrained to parent sites, using riding models. Crystal data and details of data collection and refinement for C1 and C2 are summarized in Table 1 .
CCDC 1481280 and 1481281 contain the supplementary crystallographic data for complexes C1 and C2, respectively. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc. cam.ac.uk/data_request/cif.
Ethylene polymerization
Ethylene polymerization was conducted under 10 atm of ethylene using a stainless steel autoclave (0.25 L capacity) equipped with gas ballast through a solenoid clave for continuous feeding of ethylene. The autoclave was heated to 80°C under vacuum and recharged with ethylene three times, and then cooled to room temperature. A toluene solution of the complex as precatalyst was transferred to the reactor, which was then maintained at the set temperature. The desired amount of MAO solution along with additional toluene (for a final 100 mL volume) was then added to start the polymerization; then the autoclave was immediately pressurized to 10 atm of ethylene. At the end of the reaction time, the feeding of ethylene was stopped and the autoclave was placed in a water-ice bath for 1 h, and opened with adding 10% HCl-acidic ethanol. The resultant polyethylene was collected and washed several times with ethanol and water, and then dried in vacuum to constant weight.
Results and discussion
Synthesis and characterization
The stoichiometric reactions of (ArHNLi·Et 2 O) 2 [21] with ZrCl 4 and TiCl 4 were conducted in THF for zirconium and in a mixture of toluene-THF for titanium (because titanium tetrachloride would react with pure THF). A stable titanium complex (C2) was isolated in a good yield (Scheme 1), whereas the hetero-metallic compound (C1) was re-crystallized and first obtained in a relatively low yield. To optimize the synthesis of compound C1, considering that one equivalent of anilidolithium remained in the product, two equivalents of anilidolithium were necessary to react with zirconium tetrachloride to form C1 (Scheme 1) in good yield. The arylimido-zirconium and -titanium complexes are both air and moisture sensitive in solution, but relatively stable in the solid state. Complex C1 forms yellowish crystals, whereas complex C2 appears as red crystals. The microanalysis and NMR spectra of these compounds are in agreement with the structures determined by the single crystal X-ray diffraction (see below).
As shown in Fig. 1 , in C1 two zirconium cations are bridged by two chloride anions, and each zirconium atom is further coordinated with two nitrogen atoms of the amido and imido ligands as well as two μ-Cl atoms bridging a lithium cation carrying two ether molecules; each zirconium unit is six-coordinated and possesses a distorted octahedral geometry. The molecule is centrosymmetric (Fig. 1) . The distance between zirconium atoms (4.294 Å) confirms no direct interaction, and the zirconium-chlorine bonds [2.574(11)-2.700(11) Å] are arranged in the usual chloro-double bridging manner [19] [20] [21] [22] [23] The titanium complex C2 is a monomer (shown in Fig. 2) , in which the titanium is five-coordinated with an imido, two chloride and two ether ligands. Indicated by the space group Pnma and Z = 4, the molecule possesses crystallographic m (C s ) symmetry with the atoms Ti, Cl1, Cl2, N and all the C atoms of the phenyl ring including the ones attached to it being located on the mirror plane (Fig. 2) . The Ti=N bond of 1. There are a few cases of five-coordinated titanium complexes containing imido and chloride ligands along with a monodentate Lewis base [30, 31] 
Ethylene polymerization
Ethylene polymerization experiments by the complexes C1 and C2 were conducted in toluene with activation by MAO. In general, they performed well with high activities, and the results are summarized in Table 2 .
Regarding the zirconium complex C1, at 30°C, the optimum molar ratio of [Al] to [Zr] was 1200 (entries 1-3, Table 2 ). Fixing the molar ratio of [Al] to [M] at 1200 (entries 2 and 4-6, Table 2), the highest activity was observed as 1.09 × 10 6 g·(mol(Zr)) −1 h −1 at 70°C (entry 5, Table 2 ). In comparison, the highest activity of C2 with 7.20 × 10 5 g·(mol(Ti)) −1 h −1 was also found at 70°C (entry 8, Table 2 ), slightly lower than that of C1. These polyethylene Table 2 ).
Conclusions
In summary, the heterometallic arylimido zirconiumlithium complex C1 and arylimido titanium complex C2 were synthesized and characterized as compounds with different coordination and geometry patterns in which zirconium is six-coordinated (C1) and titanium is fivecoordinated (C2). The five-coordinated titanium complex exhibits crystallogrphic mirror symmetry, the mirror containing also the central Ti=N vector. Both complexes exhibit good activities toward ethylene polymerization in the presence of MAO, resulting in linear polyethylenes possessing high molecular weights and unimodal character. Therefore the two complexes are worth for further study in developing complex precatalysts for ethylene polymerization.
